Thermal conductivity is one of the key parameters required for high-temperature structural applications of metallic materials. In this overview, the thermal conductivity of intermetallic compounds are extensively described based mainly on our past works, since there had been less works in this research field. Emphasis is placed on the B2 and the L1 2 compounds with metallic bonding such as NiAl, Ni 3 Al, etc., which have been attracting attention for engineering applications at higher temperatures. The thermal conductivity data have been accumulated for the intermetallic compounds, and the phenomenological aspects are reviewed in detail as a function of alloy composition, constituent and temperature. The Wiedemann-Franz law is applicable to the intermetallic compounds, indicating that the carrier of thermal conduction is an electron rather than a phonon. The thermal conductivity of an intermetallic compound with the ordered crystal structure is characterized as an enhancement due to ordering with reference to the basic contribution of solid solution with the disordered crystal structure. It is demonstrated that the thermal conductivity of intermetallic compounds is reduced by the addition of a third element, and this subject is also covered.
Introduction
Ordered intermetallic compounds have attracted much interest for high temperature structural applications. [1] [2] [3] [4] [5] [6] [7] Extensive research works have focused on developing the advanced aerospace structure and propulsion systems. Those candidates are mostly the compounds with metallic bonding such as NiAl, [8] [9] [10] Ni 3 Al [11] [12] [13] [14] [15] [16] and TiAl [17] [18] [19] [20] [21] [22] [23] due to the combination of high melting temperature, low density and excellent corrosion resistance. Despite their brittleness at low temperatures, they provide an ideal basis for further development as high-temperature structural materials.
Thermal conductivity is one of the important physical properties at elevated temperature structural applications of metallic materials. 24) Rapid heat transfer afforded by high thermal conductivity enables efficient cooling, which suppresses the appearance of life limiting heat-attacked spots, resulting in the higher operating temperatures. High thermal conductivity also assures the uniform distribution of temperature, which reduces the thermally induced stresses and, thereby, improves fatigue properties. 25) The thermal conductivity data of intermetallic compounds have been quite limited. 8, 26, 27) This is partly because the precise shaping of samples is difficult to be obtained for the materials with low ductility. The samples with good geometry are needed in the conventional techniques for thermal conductivity measurements. On the contrary, the laser-flash method, 28) which was recently developed for thermal conductivity measurement, is suitable for the intermetallic compounds. A coinshaped sample (φ10 mm × 2 mm) is easy to be prepared even for brittle materials. [29] [30] [31] A comprehensive survey program for the thermal conductivity of intermetallic compounds by using the laser-flash method has been started by the group of the present authors. The accumulated data are classified into three classes; the intermetallic compounds with the crystal structures of B2, L1 2 , In this overview, the thermal conductivity of intermetallic compounds are extensively reviewed based mainly on our works. The main contents of the present report are as follows; the thermal conductivity for the 1:1 and 3:1 binary intermetallic compounds are firstly presented as a function of composition, constituent element and temperature. The WiedemannFranz relation is also examined for the compounds to identify the carrier of thermal conduction. Secondly, the interrelation between the thermal conductivity of an intermetallic compound and those of the constituent elements is characterized by using the Nordheim's relation. And thirdly, the effect of third elements on thermal conductivity of an intermetallic compound is reviewed.
Thermal Conductivity of Binary Intermetallic Compounds
The thermal conductivity of binary compounds with the crystal structures of B2, L1 2 , D0 3 , D0 19 , etc. are summarized as a function of composition, constituent and temperature in this chapter. Some rules governing the thermal conductivity of intermetallic compounds will be presented. To identify the carrier of thermal conduction, the Wiedemann-Franz law is examined for the compounds with both on-and offstoichiometric compositions.
Composition dependence
The thermal conductivity-composition relationship in binary compounds is generally characterized by a sharp maximum at stoichiometry. Figure 1 shows the composition dependence of thermal conductivity at 300 K of B2 type aluminides; NiAl, CoAl and FeAl. 32, 35) The thermal conductivity of the stoichiometric NiAl obtained by Darolia is also shown in the figure.
8) The dependencies are characterized by a sharp maximum at stoichiometry, which are pronounced in NiAl and CoAl having higher thermal conductivities. The sharp Fig. 1 Composition dependence of thermal conductivity at 300 K of NiAl, CoAl and FeAl. 32) The thermal conductivity of the stoichiometric NiAl obtained by Darolia is also shown with a solid circle. 8) maximum at stoichiometry is not clearly observed in FeAl with lower conductivity.
The maximum of thermal conductivity at stoichiometry is observed also for the 3:1 compounds with the L1 2 , D0 3 and D0 19 structures 27, 33) and for the ternary compound Ni 2 AlTi with the L2 1 structure.
34) The mechanism of decreasing the thermal conductivity with the deviation from stoichiometry is not well established quantitatively. However, it is clear that some types of defects such as substitutional defect and constitutional vacancy cause a disruption of periodicity in a scattering of electron waves, leading to a decrease in conductivity. 48, 49) The electrical resistivity of Ni 3 Al shows a minimum value at stoichiometry and it increases with the deviation from stoichiometry.
27) It is presented for the compound that the relaxation rate is minimum at the stoichiometric composition.
50)

Constituent dependence
The thermal conductivity of an intermetallic compound tends to decrease as the position of the partner constituent becomes horizontally more distant from that of the host constituent in the periodic table. The thermal conductivities at stoichiometry of B2-type aluminides (XAl), titanides (XTi) and gallides (XGa) are plotted against the constituent X in Fig. 2 , where the constituent X denotes Fe, Co and Ni arranged according to the periodic table. 32) For the aluminides, the thermal conductivity increases with increasing the atomic number of the constituent X. This increasing manner holds also for the gallides, while the thermal conductivity of XGa is much smaller than that of XAl. It is noted that Ga as well as Al belongs to the group 13 in the periodic table, which is positioned at the right side of Fe, Co and Ni in the periodic table. On the contrary, for the titanides, the thermal conductivity decreases with increasing the atomic number of the constituent X. The group 4 element Ti is positioned at the left side of Fe, Co and Ni in the periodic table. The empirical rule is confirmed also for Ni 3 X, 33) Rh 3 X 38) and Ir 3 X 37) with the L1 2 structure, and for Fe 3 X with the L1 2 , D0 3 and D0 19 structures. 33) Fig. 2 Thermal conductivity at stoichiometry of B2-type aluminides (XAl), gallides (XGa) and titanides (XTi) against the constituent X at 300 K. 32) Fig . 3 Thermal conductivity of NiAl as a function of Al concentration at various temperatures between 300 K and 1100 K.
Temperature dependence
The thermal conductivity of NiAl as a function of Al concentration are shown at various temperatures between 300 K and 1100 K in Fig. 3 . The thermal conductivity monotonically increases with increasing temperature in each composition. The sharp maximum at stoichiometry in the conductivitycomposition relationship remains unchanged at higher temperatures.
The thermal conductivity and the temperature coefficient are inversely correlated. [36] [37] [38] The temperature coefficient of thermal conductivity, k, in the temperature range between 300 K and 1100 K is roughly evaluated from the following equation,
1) Fig. 4 Correlation between thermal conductivity at 300 K and temperature coefficient for pure metals 51, 52) and intermetallic compounds. [36] [37] [38] where λ 300 K and λ 1100 K are the thermal conductivities at the temperature indicated by the subscript. The obtained temperature coefficients of the intermetallic compounds with the crystal structures of L1 2 , B2 and others [36] [37] [38] are plotted against λ 300 K in Fig. 4 , together with those for pure metals from the data sources. 51, 52) Note that the data for the pure metals in which lattice transformation or magnetic transformation occurs in the temperature range between 300 K and 1100 K are excluded. It is well-known that the thermal conductivity of hcp metals are anisotropic in nature. 51, 52) The data for polycrystalline materials are adopted for the hcp metals.
The pure metals are generally characterized by larger thermal conductivities with smaller temperature coefficients, whereas the intermetallic compounds have relatively smaller conductivities with larger coefficients. An overall tendency clarified in Fig. 4 is that the thermal conductivity and the temperature coefficient are inversely correlated for metallic materials. No negative k is observed for conductivities below 20 Wm
A long range order (LRO) parameter of stoichiometric compounds decreases with increasing temperature, 53) leading to a decrease in the thermal conductivity. From the viewpoint of LRO parameter, it seems natural for the intermetallic compounds to show negative temperature coefficients of thermal conductivity. However, as shown in Fig. 4 , the intermetallic compounds with negative temperature coefficients are quite restricted, and most compounds have positive temperature coefficients. Detailed mechanisms of the positive temperature coefficients in most intermetallic compounds are still remaining question to be clarified.
Identification of heat carrier
What is responsible for the thermal conduction in intermetallic compounds? Two possibilities can be thought for the carrier of heat. One is an electron and the other is a phonon. It intermetallic compounds at stoichiometry. 32, 33, 45, 87) The thermal conductivity data are provided by our group. A large scatter is observed in the electrical conductivity data of Cu 3 Au which were taken from different sources. [71] [72] [73] [74] [75] [76] [77] [78] [79] is well-known that the Wiedemann-Franz law holds for pure elements at higher temperatures, 48, 54, 55) which is given by the following equation;
where λ is the thermal conductivity, L the Lorentz number, T the absolute temperature and σ is the electrical conductivity. The Wiedemann-Franz law is examined for the 1:1 and 3:1 intermetallic compounds, as shown in Fig. 5 . The straight line in the figure indicates the Wiedemann-Franz relation at 300 K. The electrical resistivity data have been reported for NiAl, [56] [57] [58] [59] [60] CoAl, 57, 59, 61) FeAl, 56) NiGa, 59) CoGa, 59) NiTi, 26, 62, 63) CoTi 62, 63) and FeTi [62] [63] [64] with the B2 structure, Ni 3 Al, 27, 65, 66) 85, 86) with the D0 3 structure. The thermal conductivity data are provided by our group. 32, 33, 45, 87) Note that the thermal conductivity of NiAl obtained by Darolia, 8) and that of NiTi by Goff 26) and that of Ni 3 Al by Williams et al. 27) are rather good agreement with our results.
It is clearly observed that all the data of the 1:1 and 3:1 compounds fall on the Wiedemann-Franz line. This indicates that the intermetallic compounds satisfy the WiedemannFranz law, as is the case for pure elements. Therefore, an electron rather than a phonon is the dominant carrier of thermal conduction in the intermetallic compounds.
Whether the Wiedemann-Franz law is established in offstoichiometric compounds or not? The Wiedemann-Franz law is examined for the off-stoichiometric NiAl and CoAl in have been extensively investigated for NiAl 56-58, 60, 88) and CoAl. 57, 59, 61) The thermal conductivity of NiAl and CoAl has been provided as a function of composition in Fig. 1 . 32, 35) The behavior in off-stoichiometric regions of NiAl and CoAl is apparently parallel to the line showing the Wiedemann-Franz relation, while the small amount of deviation from the Wiedemann-Franz relation is observed in the Al-rich side of NiAl and in the Co-rich side of CoAl. It is supposed that the Wiedemann-Franz law is applicable also to the off-stoichiometric compounds, not only to the stoichiometric compounds. In conclusion, the dominant carrier of thermal conduction is the off-stoichiometric compounds is also an electron rather than a phonon.
Intermetallic Compounds and Terminal Solid Solutions
Thermal conductivity of an intermetallic compound may be correlated with those of the constituent elements. Our comprehensive survey program for the thermal conductivity also includes the pure substances and the terminal solid solutions, [89] [90] [91] other than the intermetallic compounds. This chapter describes the interrelation between the thermal conductivities of intermetallic compounds and those of pure substances and terminal solid solutions.
Nordheim's relation
In metallic binary continuous solid solutions, typically for isoelectronic alloy systems, the electrical resistivity ρ ss as a function of composition is characterized by a convex parabolic curve. [92] [93] [94] [95] [96] The curve is expressed satisfactorily in the analytic form proposed by Nordheim as follows: 97, 98) where ρ A and ρ B are the electrical resistivities of the pure elements A and B, x represents the composition of element B, and k is a positive constant which depends on alloy system. A typical example of the Nordheim's relation was confirmed by Johansson and Linde for a Cu-Au system as shown in Fig. 7 . 72) In this alloy, the order-disorder transformation takes place at some stoichiometries. 99) It is noted that the resistivity is decreased by the ordering as shown by solid circles in the figure.
The Nordheim's relation can be converted to thermal conductivity by using the Wiedemann-Franz relation, which claims that thermal conductivity is proportional to electrical conductivity, as presented in eq. (2.2). 48, 54, 55) Providing that the Lorentz number of terminal solid solutions is identical with that of pure elements, 35, 90) eq. (3.1) can be readily converted to thermal conductivity λ ss as follows:
where λ A and λ B are the thermal conductivities of the elements A and B, and k is a constant. Figure 8 shows the thermal conductivities of various phases appearing in the Ni-Al binary system starting from pure-Ni via several intermediate phases such as Ni 3 Al and NiAl up to pure-Al.
47) The U-shaped curve in Fig. 8 , which was obtained from eq. The difference between the measured thermal conductivity of Ni 3 Al with the ordered L1 2 structure and the estimated value of the corresponding hypothetical disordered fcc structure can be regarded as the enhancement of thermal conductivity due to ordering from fcc to L1 2 . Hence, the thermal conductivity of an intermetallic compound with the ordered crystal structure λ imc would be conveniently characterized as a sum of the basic contribution of a disordered solid solution λ ss and the enhanced effect due to ordering ∆λ ord :
Thermal conductivities of intermetallic compounds and terminal solid solutions
The thermal conductivity data for the Ni-Si system are also included in Fig. 8 . The thermal conductivities of both the terminal solid solutions and the ordered compounds in the NiSi system are smaller than those in the Ni-Al system. In what follows, a global trend between λ imc and λ ss is presented in the light of the position of the constituent elements in the periodic table.
The thermal conductivity of Ni-2 at%X alloys with the fcc structure (γ ) is summarized in Fig. 9(a) , where the solute X is the b-subgroup elements.
89) The magnitude of thermal conductivity is visualized as the height of columns in the periodic table. The following inequalities are observed for each period: Fig. 9 Part of the periodic table to show the thermal conductivity at 300 K of Ni-2 at%X (a) with a fcc structure and of stoichiometric Ni 3 X ordered compounds (b) with the L1 2 structure. In (b), the value of Ni 3 Si is obtained by the extrapolation of the off-stoichiometric data because the γ single phase cannot be achieved at stoichiometry. 47) and
where λ[Ni(X)] means the thermal conductivity of Ni-2 at%X. Hence a general trend is that the thermal conductivity monotonically decreases as the horizontal distance of the solute X from the solvent Ni increases in the periodic table.
Norbury conducted the systematic survey of the increase in electrical resistivity by the addition of solutes in Fe, Ni, Cu, Ag, Au and so on, and found that the electrical resistivity of binary alloys increases as the horizontal distance of solute elements from the solvent increases in the periodic table.
100) Therefore, the above empirical rule found in the thermal conductivities of Ni solid solutions is a counterpart of the Norbury's rule.
The thermal conductivities of Ni 3 X with the L1 2 structure (γ ) at the stoichiometric composition are shown in Fig. 9(b) for X=Al, Si, Ga and Ge.
33) The inequalities are as follows:
and
Again the trend is observed that the thermal conductivity decreases as the horizontal distance of the constituent X from the host constituent Ni increases in the periodic table. This is analogous to the rule observed in Ni solid solutions. Demonstrated in Fig. 10 are the thermal conductivities for Fe based alloys ( Fig. 10(a) ) with the bcc structure (β) 91) and the ordered compounds ( Fig. 10(b) ) with the D0 3 structure (β ). 33) Note that D0 3 is an ordered bcc structure. One confirms again that the magnitude of the thermal conductivities of Fig. 10 Part of the periodic table to show the thermal conductivity at 300 K of Fe-2 at%X (a) with a bcc structure and of stoichiometric Fe 3 X ordered compounds (b) with the D0 3 structure. In (b), the value of Fe 3 Ge is the average in the composition range between 16 and 21 at%Ge, where the β single phase is stabilized. 47) both terminal solid solutions and ordered compounds are coherently arranged by a common parameter, i.e., the horizontal distance from Fe in the periodic table.
The changing manner of thermal conductivity for terminal solid solutions and that for ordered compounds are common in various elements. This would be a nature consequence expected from eq. (3.3), provided that ∆λ ord is of perturbative magnitude.
Thermal Conductivity of Intermetallic Compounds with Third Elements
Alloying is considered to be effective to improve mechanical and chemical properties of intermetallic compounds, such as creep strength, 101, 102) tensile ductility, 103, 104) oxidation resistance 105) and corrosion resistance. 106) It is, however, anticipated that the addition of alloying elements may degrade the conductivity of the intermetallic compounds 107) as is the case for pure elements. [89] [90] [91] This chapter presents the global feature of the thermal conductivity of intermetallic compounds with third elements at higher temperatures. [39] [40] [41] [42] [43] [44] 
Composition dependence
The addition of a third element decreases the thermal conductivity of an intermetallic compound. [39] [40] [41] [42] [43] [44] This is because the third element usually impedes the flow of heat carriers. Figure 11 shows the composition dependence of thermal conductivity at 300 K of the three different NiAl-Ge alloy series. 39) Note that all the alloys in Fig. 11 are identified as having a single phase of the B2 crystal structure. The thermal conductivity of the binary stoichiometric NiAl is 92.2 Wm 32) and it monotonically decreases with increasing Ge concentration for all the three alloy series. The reduction of the thermal conductivity is appreciably different among the three alloy series. The smallest thermal conductivity occurs when Ge is added for Ni regardless of Ge concentration, whereas the largest conductivity occurs when Ge is added for Al.
A contour map of thermal conductivity in a ternary intermetallic phase is characterized by the direction of the contour ridge. 39, 40) Figure 12 39) shows the contour map of thermal conductivity at 300 K plotted in the β single phase field of NiAl-Ge phase diagram. 108, 109) The contour lines are drawn based on the data of the ternary systems and ten values of the binary NiAl. The maximum value of thermal conductivity is attained at the binary stoichiometric NiAl. The thermal conductivity decreases both by the deviation from stoichiometry in the binary composition and by the addition of Ge. Only two atomic percent Ge reduces the thermal conductivity of NiAl by half in the equi-Al direction, while the decreasing ratio is less significant in the equi-Ni direction. The ridge of the contours is clearly directed parallel to the equi-50 at%Ni composition line in the Ni-Al-Ge ternary grid. Note that a similar feature of contour map is obtained for the thermal conductivity of Ni 3 Ga-Ti alloy with the L1 2 crystal structure. 40) 
Ridge direction of thermal conductivity contours
The ridge direction of thermal conductivity contours depends on the group of a third element in the periodic table. [39] [40] [41] [42] [43] [44] In this section, the ridge direction of thermal conductivity contours in the Ni 3 Ga-X phase is examined for various third elements X. The direction of ridge in thermal conductivity contours is determined by measuring the thermal conductivities of the two types of solid solutions, in which a dilute amount of third element is added for each constituent of the intermetallic compound. Figure 13 shows the thermal conductivities of the two types of Ni 3 Ga-2 at%X alloys, Ni 73 Ga 25 X 2 (Ni deficient) and Ni 75 Ga 23 X 2 (Ga deficient), where the third element X belongs to the first long period. 40) Note that all the alloys in Fig. 13 Hf, Nb, Ta, Mo, Pd, Pt, Si and Sn are soluble into Ni 3 Ga above 2 atomic percent. [109] [110] [111] The results for Ni 3 Ga-2 at%X with X belonging to the groups 4, 5, 6, 10 and 14 in the periodic table are shown in Fig. 14 . The thermal conductivity of Ni 75 Ga 23 X 2 is larger than that of Ni 73 Ga 25 X 2 in the groups 4, 5, 6 and 14, while the opposite is true in the group 10.
The classification of ridge direction is schematically summarized in Fig. 15 . 40) Category A is constituted by the group 9(Co), 10(Pd, Pt) and 11(Cu) elements, while Mn(7) and Fe(8) belong to category B. The group 4, 5, 6 and 14 elements are classified into category C.
Ridge direction and lobe direction
The directions of solubility lobe of γ -Ni 3 Ga phase at 1273 K obtained by Ochiai et al. are reproduced in Fig. 16 . 110) The lobe directions of Pd, 112) Pt 113) and Zn 114) obtained by Fig. 15 Ridge direction of thermal conductivity contours in γ -Ni 3 Ga single phase field. Third elements are classified into three categories, according to the ridge direction. 40) Schubert and coworkers are also plotted in the same figure.
It is noted that Ni 3 Ga forms continuous solid solution with Ni 3 Si 115) and Ni 3 Ge. 116) Also it is worth pointing out that the preferential substitution of Co for nickel sublattice sites in Ni 3 Ga was reported by Drijver and van der Woude based on Mössbauer investigation. 117) One can certainly recognize that the direction of ridge in thermal conductivity contours shown in Fig. 15 agrees well with that of solubility lobe. 40) A slight disagreement between the two directions is observed only for Cr. Hence, it may be deduced that the ridge direction of thermal conductivity contours is determined by the sublattice occupation of a third element as is the lobe direction. In fact, the agreement of ridge direction with lobe direction seems to be a general feature. This has been demonstrated for NiAl-Ge alloy (Fig. 12) with the B2 structure, 39) Ni 3 Ga-Ti alloy with the L1 2 structure 40) and for the ternary compound Ni 2 AlTi with the L2 1 structure. 34) 3174 Y. Terada, K. Ohkubo, T. Mohri and T. Suzuki A; ridge is directed parallel to the equi-Al composition line in the Ni-Al-X or Co-Al-X ternary grid, C; ridge is directed parallel to the equi-Ni or equi-Co composition line, and B; ridge is directed between the two directions.
Ridge direction in Ni 3
Al-X, NiAl-X and CoAl-X The classification of third elements based on the ridge direction does not always agree between ternary Ni 3 Al and NiAl phases. 39, 41) The classification of ridge direction of thermal conductivity contours in the ternary γ -Ni 3 Al phase is compared with that in the ternary β-NiAl phase in Table 1 . Although the classifications of the group 4, 9, 10, 13 and 14 elements (Ti, Co, Pt, Ga, Si, Ge) are common in both the ternary Ni 3 Al and NiAl phases, a significant inconvenience is faced for the group 5 elements (V, Nb, Ta). Whether this originates from a singular property of the group 5 elements or can be ascribed to an intrinsic difference between the two phases is still a remaining question.
The ridge direction in most ternary CoAl phase agrees with that in ternary NiAl phase. 39, 43) The classification of ridge direction of thermal conductivity contours in ternary CoAl phase is also shown in Table 1 , where the third elements belong to the first long period in the periodic table. In both ternary CoAl and NiAl phases, the ridge is directed parallel to the equi-50 at%Al composition line for Fe, Co and Ni, and parallel to the equi-50 at%Co(Ni) composition line for Ti, Mn, Ga and Ge. However, the direction of ridge in CoAl-V phase is apparently different from that in NiAl-V phase.
Temperature dependence of ridge direction
The ridge direction of thermal conductivity contours remains unchanged at higher temperatures.
39) The contour lines 40) of thermal conductivity of NiAl-Ge at 1000 K are shown in Fig. 17 . Although the magnitude is much larger than that at 300 K (Fig. 12 ) in every composition, most topological features including the ridge direction remain the same as those at 300 K. Since the ridge direction is anticipated to be controlled by the preferential site of a third element, 42) the present results imply that the preference site remains unaltered at higher temperatures.
Summary
The thermal conductivities of the intermetallic compounds with metallic bonding are extensively described based mainly on our past works. The obtained results and the rules governing the thermal conductivity are summarized as follows:
(1) The thermal conductivity-composition relationship in binary compounds is characterized by a sharp maximum at stoichiometry. The thermal conductivity monotonically decreases as the horizontal distance of the constituents of the compounds increases in the periodic table. The thermal conductivity and the temperature coefficient are inversely correlated for metallic materials including intermetallic compounds. The intermetallic compounds with both on-and offstoichiometric compositions satisfy the Wiedemann-Franz relation, indicating that the dominant carrier of the thermal conduction is an electron rather than a phonon.
(2) The thermal conductivity of an intermetallic compound with the ordered crystal structure is characterized as a sum of the basic contribution of a disordered solid solution and the enhanced effect due to ordering. The empirical rule governing the thermal conductivity in intermetallic compounds is analogous to that in terminal solid solutions, i.e., the magnitude of the thermal conductivities of both intermetallic compounds and terminal solid solutions is coherently arranged in terms of the horizontal distance of the constituents in the periodic table.
(3) The addition of a third element decreases the thermal conductivity of an intermetallic compound. A contour map of thermal conductivity in a ternary intermetallic phase is characterized by the direction of the contour ridge. The ridge direction of thermal conductivity contours depends on the group of a third element in the periodic table. The direction of ridge in thermal conductivity contours in a ternary intermetallic phase agrees with that of solubility lobe of the phase in the corresponding ternary phase diagram. For Berthollide compounds, the ridge direction of thermal conductivity contours remains unchanged at higher temperatures.
